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Abstract
This thesis describes the characterization ofthin Spin on Glass (SaG)
films used in Complementary Metal Oxide Semiconductor (CMOS) devices,
integrated circuits (ICs), and flat panel displays (FPDs). Film thickness as a
function offinal speed and solution concentration is studied. Higher final
speed d~creases the film thickness at the same solution concentration, while
higher concentration solutions increase the film thickness at a fixed spin speed.
Film composition changes are identified by Fourier Transform Infrared
Spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS) under
different annealing temperatures (200-1000oC) and ambients (air, nitrogen,
nitrogen with saturated water vapor, oxygen with saturated water vapor,
oxygen). Both FTIR and XPS indicate that densification of SaG takes place
at anneal temperatures above 600°C. Silicon substrate oxidation occurs above
a temperature of SOOoC. As the anneaJ. temperature increases, the bonding
structure of Si-Ochanges from Si-O-Si symmetric stretching to asymmetric
Si-O stretching and the silanol (Si-OH ) bonding changes from hydrogen
bonding (or H-bonded water) silanol to isolated silanol bonding. Silanol
bonding is eliminated above a temperature of SOOGC. In addition, the carbon
and nitrogen content in the film decreases as the temperature increases from
Oxygen plasma treatment also changes the film bonding environment
1
as measured by FTIR. An oxygen plasma anodization treatment at 250°C has
almost the same effect on film refractive index as that of a thermal treatment at
800°C or higher. Samples annealed at lower temperatures have a higher
carbon content which results in a lower wet etching depth in dilute HF
(1 :500=HF: Nl4F). In contrast, the etching depth by reactive ion etching
(RIE) is higher for the lower temperature annealed samples, since porosity
is higher. The surface morphogy of SOG films after O2 reactive ion etching is
smooth for 600°C and 10000C annealed samples. Surfaces offilms are rough
after an 0:z/CHF3 reactive ion etching treatment due to film attack by fluoride
atoms. The 400°C annealed SOG film has a lower dielectric constant than the
600°C annealed SOG film. Capacitance -Voltage plots of400°C annealed films
show hysteresis due to large polarization instabilities related to silanol (Si-OH)
while 600°C annealed films display carrier trapping.
2
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Introduction
1.1 Spin Coating
A key component in the successful production of flat panel displays
(FPDs) and integrated circuits (ICs) is proper creation ofthin films. These
films must be uniformly thin, homogeneous and free ofparticle defects.
I
Spin coating is a mature technique involving the acceleration of a liquid puddle
I
on a rotating substrate. The process involves a balance between centrifugal
forces and viscous forces.. Centrifugal forces are controlled by spin spe~d and
acceleration, while viscous forces are determined by solvent viscosity, solvent
evaporation rate, and the solids content ofthe precursor. Recently, spin
coating has been used widely in the formation ofthin organic films in the
fabrication of flat panel display (FPDs) and integrated circuits (ICs). In this
process, a fixed am<;>unt of polymer solution is dispensed onto a wafer, and the
wafer accelerated to a constant spin speed. During the spinning, polymer
solution flow across the wafer and solvent evaporates, ultimately foqning a
solid film.
Von Karman l was the first person to propose a mathematical analysis
to verify that the filmthins and can,become more uniform as the spin process
proceeds. Emslie et al. 2 show~d that for a Newtonian fluid ( linear
3
-with-topology.-!hemodel.predicts.that for~a-given-coating-thickness,--step-
height is not sensitive to initial concentration, spin speed, or radial.position.
Coating profile is detennined by the balance ofcentrifugal forces, capillary
forces, and viscosity forces. In the case ofhigh polymer concentration, the
diffusion coefficient decreased exponentially as the solvent concentration
decreased. This corresponds to a transition in drying from evaporation control
to diffusion control.
Other experiments indicated that as the angular speed increases, the
film thickness decreases. 14-17 For a given speed, the film thickness decreases
rapidly at first, and then slows down at longer time. The final film thickness is
proportional to the solid concentration offluid, because the viscosity has
increased.14-17
1.2 Spin on Glass (SOG) Applicationfor ULSI (Ultra Large
Scale Integration) Technology
Silicon- containing dielectric films are used widely in microelectronic
devices and integrated circuits (ICs). Dielectrics are important components in
the structure of CMOS ( Complimentary Metal Oxide Semiconductor)
devices. These films are currently used as passivation layers, interlevel
dielectrics (ILD) or intermetal dielectrics (IMD) , field isolation layers and gate
oxides. Several techniques have been used to grow or form dielectric thin
4
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-------- ---relationship-betweenshear-stress-and-shear-rate-),the-thickness-decreases.- -
continuously as material is thrown from the wafer. Acrivos et al.3 extended
such analyses to non-Newtonian liquids and showed that the film no longer
approached a unifonn- thickness condition. Flack et al.4 modeled the spinning
of non- Newtonian solutions by describing the two major film thickness
reduction mechanisms: convection due to radial flow and mass transport by
.solvent evaporation. Convection dominates at the early stages in the process,
while solvent evaporation becomes significant towards the end. These model
predictions agreed well with experimental observations that the film thickness
and uniformity are strong functions ofthe solution viscosity, the final spin
speed and the spin' acceleration characteristics. In addition, WhiteS ,has
.investigated the planarization over isolated lines. Wilsonet aI.6 reported
planarization ofdense topographic features. Bomside7-9 studied coating on
topology and published a two dimensional drying and leveling model.
StillwagonlO et al. evaluated an epoxy film (non-volatile liquid) profile cured
during spinning. LaVergne'et al. II suggested that the dry coating step height
could be approximated by considering only shrinkage from flat wet coating and
not considering the effect of centrifugal force and capillary force. Sukanekl2
modeled coating at sindsoidal surfaces and considered Overdiep's leveling
mechanism. Gu13 et al. modeled spin coating ofa polymer'film on a substrate
.
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- - -films.-For-example,-chemically-vapoLdeposited_(CYU~iO-2layersfrom
tetraethoxysilane (TEOS) have been used for many years 18-20, while RF biased
high density plasma CVD methods 21 have been developed recently. In these
technologies, many problems still remain, such as step coverage, particle
generation, process reliability, cost considerations, and gap filling capability.
The SOG (Spin on glass) process is considered the simplest process that can
satisfyhoth good gapfllli11g and planarization capability. Spin on glass
materials consist of Si-O network polymers dissolved in common organic
solvents, such as alcohols, ketones, and esters. The oxygen and silicon
containing compounds undergo hydrolysis -condensation reactions to form
polymer like layers that pyrolyze at relatively high temperatures to form an
inorganic glass.
There are several kinds of SOG materials used currently in the
semiconductor industry; silicate (or silanol) aild polysiloxane polymers are two
ofthe most common. The major difference between a silicate glass and a
siloxane material is that there are no organic groups in the silicate materials.
The polymer arrangement in a silicate enables the silicon groups to bond to
hydroxyl groups (OR), thereby allowing water to be absorbed into the film. 22
Previous studies have shown that dielectric constantsfor silicate materials are
higher than siloxanes because ofmoisture..in the glass.23,24
6 '.
---- - - ----- ·-Different-kimis-of-nrolecular-structuresforthe-galss-descrilred-above- -
are shown in Fig 1.1.25 The chemistry ofthe proto-typical reaction can be
described by the hydrolysis- condensation reaction sequence of
tetraethoxysilane(TEOS), Si(OEt)4 :
Hydrolysis: Si (OEt)4 + H20-------> EtOH + Si(OEt)3 OH or Si(OEt)2 (OH)2,
Condensation: ==SiOH + OHSi== --------> s'Si-O-Si == + H20
The properties of SOG materials can be modified by incorporating a
substituted alkoxysilane, RSi(OEt)3 where R=methyl or phenyl for Si(OEt)4, or
by doping with phosphorous- or boron-containing compounds during the
hydrolysis reaction 26.
1.3 Oxygen (OJJ Plasma Conversion of SOG materials
Plasma are used widely in the manufacture ofICs and FPDs, specially,
they find use in sputtering27, plasma enhanced chemical vapor deposition
(pECVDig , plasma etching29, reactive ion etching 30 (RIE), and ion sources
for the ion implantation.31 Aplasma can be thought ofas a collection of
electrons, singly and multiply charged positive and negative ions along with
neutral atoms, molecules, and molecular fragments. 32,33 Plasma are formed by
the application ofan low pressure gas. In this environment, the resulting
electric field to a electrons are not in thermal equilibrium with the gas
molecules or the ions. Electrons and gas molecules have different
7· .~
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Fig 1.1 Molecular structure offour types of SOGs.
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temperatures (usuallYeleCtron energies are~lO-to-l OOtimes-higher-than-that
ofgas molecules). After they gain sufficient energy by acceleration due to
ele91ric field, electrons undergo inelastic collisions and lose some oftheir
.
energy. The energy transfer ratio is equal to 4Mm1(m+M), where M and mare
the molecular mass and electron mass, respectively. Since the electron mass is
relatively ~mall compared to the gas molecules, the amount ofenergy transfer·
is very small (elastic collisions). Ultimately, higher energy excitation,
dissociation, and ionization occurs by inelastic collisions.
. The application ofa voltage to a low pressure gas causes the gas
molecules to be excited, dissociated, and ionized to a variety of electrons,
ions, radicals, and molecules 32.34. The charged species (ions and electrons)
enable the plasma to transport current. Because the glow region is at a higher
potential than the electrode, the potential difference accelerates positive ions
onto the substrate positioned on the lower electrode, the energetic ions, along
with reactive neutral spices which break bonds in the SaG. The organic
groups react with oxygeaoatoms ,molecules or ions to remove carbon from the
film and ultimately convert the material into a silicate glass.
Organic groups are very difficult to remove from siloxane films during
. 3Slow temperature annealing. In 1985, Butherus et al. .used oxygen plasmas to
remove organic groups in SaG films, because the conversion from a polymeric
9
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material to a silicate glass can-fie accomplisliedeffectively-by-plasmas atlow- _
temperatures. This process is quite attractive in overcoming a limitation in the
fabrication of devices iftemperatures needed to form plasma deposited Si02
(>250°C) or to thermally convert SOG (>500oC) cannotbe tolerated. The
likely mechanism for plasma conversion of SOG materials involves the
formation ofchemically reactive species in a plasma.
1.4 Objective
As device dimensions shrink into the submicron regime and packing
densities continue to increase, the spin on glass (SOG) process may be the
simplest method to planarize surfaces with severe topography.36 The purpose
ofthis research was to study films spin-cast from polysiloxane material (Dow
Corning Z6032). The study began by establishing the relatio~hips between
spin speed, polymer concentration, and film thickness in the spin-cast films.
Subsequently, film composition variations during heat treatment cycles and
plasma treatments were studied. Finally, the optical and electronic properties
ofthe films were determined in order to provide insight into the application of
such materials in ULSI devices.
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Chapter 2
Experimental Procedures and Analytical Techniques
2.1 Sample Preparation and Film Formation
The material chosen for this study was Dow Corning Z~6032 silane
. which contains vinylbenzyl amino and trimethoxysilyl groups, the chemicaal
formula is
(CIhO),-SiCH2CH'CH,NlICR,CH,N'HCHr(O)-CH~ CH,
This siloxane was dissolved in methanol.
The substrates used were (100) p type, 15-30 Q-cm, 3 inch diameter silicon
wafers. These wafers were precleaned by the following sequence of steps:
.2. Deionized water rinse (5 times), each rinse time is -1 minute.
4. Deionized water rinse (5 times), each rinse time is -1 minute.
5. 10:1 H20:HF etch (8 dips followed by a 15 second submersion).
6. Final deionized water rinse (7 times) , each rinse time is -1 minute.
7. Dry spin for 5 minutes.
The SC1step removes organic contamination and group IB and lIB
impurities. The SC2 cleaning removes ionic impurities, while the 10:1 HF
etch removes the silicon oxide formed during the cleaning process.
A Headway research spinner (BC101) was used to spin the 10 % silane
11
- -
.
solution onto silicon wafers. The spin speed was 1600 rpm for 30 seconds to
form a film with thickness ~ 200 nm. The coated wafers were prebaked at
loooe in a convection oven for 1 hour to remove the solvent, and then placed
in an oven to begin the curing process (heat treatment). Treatment
temperatures ranged from 200 to 10000 e in 100 °e increments; the time for
each treatment cycle was 30 minutes. The anneal cycles altered the film
composition according to whether the film was exposed to air, nitrogen,
oxygen, nitrogen with saturated water vapor, or oxygen with saturated water
vapor.
2.2 Plasma- Converted SOG
A 10 % silane solution was spun onto a silicon wafer to yield a film of
~ 200 nm; the thickness variation between the center and edge ofthe wafer
was-10 nm. Samples were plasma treated with a helical resonator generated
oxygen plasma. One sample was used as control, while another sample was
thermally treated. Two oxygen plasma treatments were used: one with the
substrate electrically floating, and one under constant current anodization
conditions. 37 The thermal treatment was perfonned at 30mtorr, 250 °e for 40
minutes, while the plasma treatments were performed at 3qmtorr, 300W,
2500e for 40 minutes; the constant current anodizations'used a cUrrent density
of 1.78 mamp/cm2.
" ... ----.- - --.<".. ".. '-. . c.·c_
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Thickness and refractive index were measured With a Rudolph
Research/Auto EL ellipsometer equipped with a 632.8 nm wavelength helium-
neon laser; the incident angle was fixed at 70 DC. The measured del and psi
values ofthe thin :film were converted into corresponding thickness and
refractive indices by a HP-85 microcomputer (Rudolf Program 10, 11, 13).
The relative composition and :film bonding structure were studied with a
Mattson Instruments, Inc., Cygnus 25 Fourier Transform Infrared
Spectrometer (FTIR) Chemical c~mposition information was obtained by X-
ray photoelectron spectroscopy (XPS) using non- monochromatic Mg Ka X-
rays in a Kratos XSAM 800 surface analysis system.
2.4 ~lectrical Properties
Electrical properties ofthe films were determined by capacitance-
voltage (CV) and current-voltage (I-V) analysis ofmetal-oxide-silicon (MOS)
structures using a Hewlett-Packard 4280A C-V and 4145A I-V Plotters,
respectively. CV characteristics ofthe MOS capacitors measure the effect of
an applied bias em the bending ofthe semiconductor energy bands. A negative
charge in the oxide shifts the CV plot to positive voltages while a positive
oxide charge shifts the plot in the opposite direction. 38 By comparing
theoretical and experimental CV plots, the fixed oxide charge density, and
interface trap density can be determined from the flat band voltage shift and
.J
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metal-silicon work function differences38,44. The flat band voltage shift due to
Qr (fixed oxide charge) is given by Vfb, shift = -QrlCo where Qr is in coulombs
per square centimeter, and Co is the oxide capacitance in farads per square
centimeter. Since Qr is always a positive charge, the flat band shift is negative.
Typical values of the Vfb shift from Qr are -O.5V or less. Interface traps (Dit)
. ,
are electronic states that reside at the oxide semiconductor interface as the
result ofdangling bond. Unlike Qr, interface charges are charged or
discharged (positive or negative, depending on whether the state is donor-like
or acceptor-like) upon band bending. (ie, when the applied voltage is changed)
The dielectric constant was calculated from the measured capacitance,
aluminum electrode area ( ~ 1.25 x 10-3 crrr ), and film thickness at the
measurement frequency of 1MHZ by using the formula Er =Ct /EA where
£ r is the relative dielectric constant, £ 0 is the permittivity of vacuum with a
value of 8.854 x 1012 F/M, Cis the measured capacitance, t is the film
thickness, and A is the capacitor area.
The fabrication sequence for MOS capacitors is:
1. Aluminum evaporation to ~ 50nm.
2. Apply OCG 820 positive photoresist, expose photoresist through maskfor
3. 1 second to define gate areas.
3. Immerse photoresist exposed wafer in KTI 809 to develop photoresist.
14
,;
4. Immerse in the PAN (phosphoric:acetic:nitric:water: 16: 1: 1:2) solution
(45°C for 1~5 mins) to etch AI.
5. Strip photoresist with ACT1 for 30 minutes, then rinse in DI water 5 times
and spin dry for 10 minutes.
6. PMA (post Metal Anneal) in forming gas(20% hydrogen and 80 %
nitrogen) at 400°C for 30 minutes.
2.5 Wet Etching
Wet etching rates were determined by the following sequences
(Fig 2.1).
1. Place samples in oven at 120C for 30 minutes to drive off solvent.
2. Vapor prime with HMDS(hexamethyldisilazane) and xylene. The purpose
of this is to promote adhesion between photoresist and siloxane surface.
3. Apply positive photoresist(OGT820) at a spin speed of5000 r.p.m for 40
seconds.
4. Soft bake in oven at 92°C for 30 minutes to evaporate solvent from
photoresist.
5. Expose photoresist through mask for 3.1 seconds to define gate areas.
6. Immerse photoresist exposed wafers in KTI809 solution then spin dry for
10 minutes and hard bake at 120°C for 30 minutes.
7. 1:500 (hydrofluoric acid: ammonium fluoride) solution was used to etch
15 .
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Fig 2.1 Flow Chart illustrating the BHF Etching Procedures and Measure Technique
samples for 2 minutes.
8. 'Strip photoresist with ACT1, then rinse in DI water 5 times and spin dry
for 10 minutes.
9. Measure the etch depth by Tencor P-2long scan profiler.
2.6 Dry Etching
The experimental procedures are as follows and are shown in Fig 2.2
1. Spin Shipley photoresist (1400-37) at 3500 rpm for 30 sec; the thickness of
photoresist is ~ 3.0 urn .
2. UV exposure, 200mW/cm2 for 7 sec.
3. Developed by Shipley developer(354), rinse in Deionized water and spin
dry
4. Reactive ion etching (RIE), followed by SEM pictures.
5. Remove the remaining photoresist with acetone.
6. Measure the etching depth by profiler (Tencor Alpha- Step 500 surface
profiler).
Fig 2.3 is a summary of the experimental procedure.
17
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Chapter 3
Result and Discussion
-
3.1 Spin Coating Study
Fig 3.1 shows the average film thickness as a function of spin speed for
various solution concentrations. At a fixed solution concentration, the film
thickness decreases as spin speed increases due to an increase ofthe angUlar
velocity at higher spin speeds. The linear relationship offilm thickness
and spin speed is seen for solution ranging from 2%-10%. And this is
consistent with results from other studies. 2,4,39 However, the 1% solution
does not follow the linear relationship, probably due to the presence of
pinholes in this very thin film which causes a fluctuation in thickness.4
In Fig 3.2, the spin speed and spin time are fixed at 1600 rpm and 30
seconds, respectively. The film thickness increases at higher concentrations
due to the higher solution viscosity?' 4.39
3.2 Film Formation Chemistry
The spin on glass' (SOG) materials us.ually have various side chains.
These side chains may be inert organic groups such as -CH3, -C2Hs, -CJIs, or
reactive groups such as -OR, -CH3,- OC2Hs . These reactive side chains can
react with other molecules to form highly polymerized materials with combined
organic/inorganic characteristics.
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Fig.3.1 Measured film thickness as a function of spin speed (rpm)
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Fig.3.2 Measured film thickness as a function of the initial solution
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Fig.3.3 Possible film fonnation mechanis!ll'
•The film formation chemistry ofvarious SOG films are shown in other
studies.26,35 The film formation is dominated by hydrolysis and condensation
reactions. The likely film formation mechanism is.shown in Fig.3.3. In the
molecular structure of the precursor, there are 3 reactive methoxy groups.
These three -OCH3 groups can react with water molecules to form highly .
polymerized material with combined organic/inorganic characteristics. The
-OCH3 first reacts with water and forms Si-OH; then condensation reactions
occur as the material is heated and cured. .In this stage, crosslinking occurs by
water release at relatively low temperatures «300°C) to form a siloxane
polymer with a backbone of alternating silicon and oxygen atoms.
3.3 Film Composition Study
A. Fourier Transform Infrared Spectroscopy (FTIR)
Table 3.1 summarizes the infrared vibrational assignments.40 An FTffi.
spectrum ofthe as-spun polysiloxane film is shown for wavenumbers between
4000-500 cm-I in Fig 3.4. This spectrum indicates that the principal bonding
structures present in the film are Si-O stretching (1000-1150 em-I), C-H
stretching (2936-2812cm-I), Si-C stretching (1200cm-I). O-H stretching
(3200-3700cm-I), and N-H stretching (3350m-I). The O-H stretching feature
can account for the Si..,OH bonding during the hydrolysis reaction. The N-H
stretching feature represents the N-H bond in the precursor. The C-H
24
Table 3.1 Infrared Absorption peak assignment.
Wavenumber (Vern) Assignment
------------------------------~------------------------ ---------------------------
3200-3700 O-H streching
3350 N-H stretching
2938 CH3 antisymmetric stretching
2812 CH2 antisymmetric stretching
1200 Si-C stretching
1100-1150 Si-O-Si symmetric stretching
1090-1070 Si-O asymmetric stretching
940 Si-OH stretching
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Fig. 3.4 FTIR spectra ofas-spun film at room temperature, film
thickness is -200nm.
stretching vibration may correspond to the molecules of Si(OCH3)or CH30H.
The Si(OCH3) and CH30H peaks result from the evaporation of the organic
solvent when the solution completes the sol-gel step and hardens into the
porous glass films.
In the Si-O stretching region, the FTIR spectrum shows the silicon-
oxygen stretch as a double peaks. Previous studies have defined this as a
"Fermi resonance effect" which accounts for substances displaying two peaks
ofthe same nature in the IR spectrum.41 Here, the double peaks are part ofthe
same molecule, but have different bonding environments. The asymmetric Si-O
stretch (1090-1070 em-I) and symmetric Si-O-Si stretching (1100-1150 em-I)
'.
account for these two peaks.
Additionally, the Si-C stretc~g feature also exists for the SOG film.
Nakano 42 et al. have proposed 1200 cm-I as the Si-C vibration. Thus, we
assign the peak at 1200 cm-I as the Si-C stretching vibration.
The FTIR spectra observed at different temperatures (200-1000oC)
after various anneals are shown in Fig 3.5-3.9. Nitrogen annealed samples
(FigJ.6) show a decrease of the Si-O-Si symmetric stretching peak
(1l31crn-I) and Si-C peak (1200 em-I) from 200 to 400°C. Above 400°C, the
double peak is dominated bfthe Si-O asymmetric stretching. Thissuggests
that Si-O-Si reacts with H20 to form Si-OH, thereby, changing the bonding .
""
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environment ofthe Si-O peak. As the temperature increases, the Si-O
asymmetric peak becomes even sharper until it finally becomes more like
-that from thermal oxides with a peak absorbance at ~1085cm-1 at
temperatures above 800°C. These results suggest that the Si-O peak is
sensitive to the annealing temperature. Compared with other ambients, the
Si-O asymmetric stretching peak domination showed up at earlier temperatures
between 200 to 300°C except in the nitrogen annealing conditions. This
observation suggests that the oxygen-containing (dry oxygen or moisture-
containing) assist in oxidizing the polysiloxane films.
Compared with other studies 43, no observation about the two peaks
transition phenomena in TEOS/alcoh01lH20 spin on glass film. the film
annealed at 400°C in oxygen, the peak has located in the thermal oxide region.
In the other silicate glass film study 53, the more like thermal oxide with
wavenumber 1080cm-1 appears at 1200oC. This suggests that TESO-based
SOG film is easier to convert to more like thermal oxide than silicate glass and
trimethoxy-based films at lower anneal temperature.
Ambients that contain oxygen playa more aggressive role than nitrogen
in removing organic compone~ts. In addition, the increase of annealing
temperatures cause elimination of the C-H (2936-2812cm-l ) features for all
annealing ambients. This indicates that the organic components, and residual
33
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solvent, decompose and outgas from the film as annealing temperatures are
elevated in all ambients. When the solution is spun onto the wafer, the CH3
(2939cm- I ) and CHz(2812cm-I ) features are distinct, as shown in Fig 3.4. As
the temperature exceeds 400°C, these peaks disappear because the residual
methanol solvent evaporates from the film andorganic groups decompose. Fig
~
3.10 shows the position changes of Si-O IR absorption as a function of
annealing temperature. In general, between 300°C and 600°C, the Si-Q peak
shifts from higher wavenumber to lower wavenumber because of initial solvent
evaporation or cross- linking ofthe siloxane network. Apparently, the position
ofthis peak (Si-O) must be related to the complicated compositional changes
_that occur during the curing process. The presence ofwater, solvent, organic
groups, and silanol have each contributed to the position and strength of Si-O
peak. At 600°C, Si-O peak reaches a glass transition point for all annealing
ambients. This suggests that most organic groups are removed from the film,
and as glass densification occurs, the siloxane is converted into a silicate
structure. After 800°C annealing, the wave number continues to increase for
all ambients and becomes more like that ofoxides with a wavenumber of
~1085 em-I. This phenomenon is consistent with other studies which show
that upon high temperature annealing, the properties of SOG films become
more like thermal oxides. OUf data reconfirm the findings in other
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studies 41,45,46 , the Si-O peak position approaches to 1080cm-1 above 800°C
annealed.
I believe that the ratio of the area under the Si-O asymmetric
. ,
stretching and Si-O-Si symmetric stretching is an indicator of the relatively film
densification. The ratio ofthe two Si-O peaks in 400°C nitrogen annealed- ~
samples (Fig 3.6) approaches 1whereas the ratio is greater than 1for other
,ambients at the same temperature. Thus, nitrogen is nofas effective as-the
other oxygen-containing'ambients in changing the bonding environment of
Si-O features. Between 400°C and 600°C, the area under the asymmetric Si-O
- ----._-- -
peak becomes larger than the area under the symmetric Si-O-Si peak. This
suggests that compositional changes and densification occur in this
temperature region. This has been investigated by other investigators.47
The difference between my observation and others is that the ratio ofthe
integrated area (Si-O asymmetric/Si-O-Si) in my result shows increase from
200-400oC in nitrogen and oxygen annealed. Other investigator show that the
" ..... .11
, ratio is almost equal in oxygen ~d nitrogen annealed at 200-4000c. 47ir ~. {?"f .r"~'.~
. t The interaction of.H20 with Si02 has been investigated by several,;-!
p' ~1.. '.~. " .4
I ' 'shlities 48~5\ they prop;~~ a similar model for ads~rption and deso~~ion ~~ites
.• ~ "i:
in silicate and CVD oxides, respectively. Theil et aI.50,51 have investigated the
interaction for remote plasma enhanced CVD (RPECVD) and propose several
36
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reaction pathways and sources of Si-OH groups. Tompkins et al. 43,52 has
.proposed three different adsorption sites for OH/H20 in porous Si02:an
isolated silanol group, a H20 molecule which is hydrogen bonded to a silanol
.grQUP eH bonded~water),and two-silanol-gro.ups-which-are hydrogen bonded
to each other (H-bonded silanol). A schematic ofvarious OH species in SOG
films proposed by Tompkins is shown in Fig.3 .11. It should be noted that
hydl"Qgen1:>Ql1ded silanols do not need to-be nextto eachother,~butthe distance
must to be close enough for reaction.
The reaction ofSi-O-Si and water (H20) to give two Si-OH groups is
---
considered reversible. Moisture interaction with the films alters the stress state
and results in the relaxation ofthe Si-O-Si bond. Nakamura et al.53 has
reported that when SOG films are annealed below 600°C, strained Si-O-Si
was formed and relaxation occurred when Si-O-Si interacted with moisture to
form Si-OH. This is consistent with the fact that the Si-O-Si symmetric
stretching peak changes into an asymmetric stretch as the temperature wase
raised from 200-400oC in Fig.3.5-3.9.
The Si-OH vibrational frequencies are strongly influenced by
hydrogen- bonding interactions. When hydrogen- bonding increases in the
organic materials, the frequency of the O-H str~tching vibration shifts to a
lower wavenumber. Theil et al.50,51 have noted that in REPECVD oxides,
when the hydrogen bonding (O.....OH) distance decreases, the hydrogen
.. 37
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bonding strength increases which results in a wavenumber shift from between
50-200 cm-1 in the 3200-3700cm-1 region.
Following Wood 48,49 and Theil 50,51 , the peak at 3450 cm-1 which has a
3700cm-1 shoulder is identified as isolated silanol group and the peak at 3400
cm-1 as the hydrogen bonded silanol in Figs 3.5-3.9. The original peak center
at ~3450cnil shifts to ~3500cm-l as the temperature rises from 200-6000C.
This can be explained by the fact that the Si-OH local bonding environment
has changed, from hydrogen bonded silanol to isolated silanol (or near isolated
silanol). In our results, the feature is still centers at 3500 cm-1 (isolated silanol)
at 700°C which suggests that some isolated silanol is left in the film. At
8000e, there is no clear observation about isolated silanol groups at 3500cm-1.
There are differences between my result and Wood's observation. Wood
shows that in order to remove hydrogen-bonded water only at relatively high
temperature (>8000C) in silicate glass films49. In our observation, the
hydrogen-bonded water can be removed at 400°C and isolated silanol can be
removed effectively at 8000e in trimethoxy-based siloxane films.
The reason that isolated silanol can be removed above 8000e
can be explained by the relationship of viscosity and relaxation. As the anneal
temperature increases, the" glass viscosity becomes smaller and smaller which:
results in a more rapid relaxation rate of Si-O-Si.. This relaxation and
39
densification is detrimental to the driving force for Si-O-Si to reabsorb
water. Thus, the extent ofisolated sHanol bonding decreases. This similar
phenomenon was also observed by other studies in silicate glass films 53 and
CVD oxide film 54
Theil et alSO,Sl have demonstrated that the absorption at 940 cm-l is
associated with the presence of the sHanol functionality in the remote PECVD
oxide. Following him, the feature at 3450cm-l is correlated with the 940
cm-l feature at 300°C in Fig 3.5-3.9. The 3450cm-l band arises from (Si-OH)
stretching coupled with internal bending displacement ofthe hydroxyl group in
strongly hydrogen bonded sHanol. Between 300 and 600°C, the intensity of
this peak increases with the replacement ofisolated sHanol by the hydrogen
bonded (or hydrogen bonded water sHanol). At 800°C, the 940cm-l peak is
not clearly obserVed probably due to the effective removal ofisolated sHanol.
This is consistent with the disappearance ofthe 3500cm-l peak at 800°C.
B. X-Ray Photoelectron Spectroscopy (XPS) Studies
Elemental composition and chemical bonding structures in the SOG
film were analyzed via XPS. Table 3.2 lists atomic % of Si2S, 01S, NlS,
and CIS, and the ratio of O/Si, and C/Si for as-cast and annealed films .
Fig 3.12 is a plot offilm composition at room temperature, 400°C,. 600°C,
800°C, and 10000C for the nitrogen annealed samples. Both carbon and
.j:>.
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25°C 400°C 600°C 800°C 10000C
Si2P 4% 17% 30% 35% 36%
01-S 10% 22% 39% 42% 50%
NIS 7% 5% 4% 1% 0%
CIS 79% 56% 27% 22% 13%
O/Si 2.3 1.3 1.3 1.2 1~4
C/Si .. 17.9 3.3 0.9 0.6 0.4
Table 3.2 Atomic % for Si28, 018, N18, CIS, 0/8i, and C/Si
in nitrogen annealed samples.
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nitrogen percentages decrease as the temperature is raised, while the
percentage of silicon and oxygen increases with increasing temperature; Ali
listed in Table 3.2, the C/Si ratio decreases from 17.9 to 3.3 for the as spun
and 400°C nitrogen annealed samples, respectively. As the temperature
approaches 400°C, the nitrogen ambient begins to pyrolyze the film and reduce-
the·overall carbon content. Between 400°C and 600°C, the carbon percentage
continues to drop because most organic groups are being removed from the
SOG films. This is in agreement with the FTIR results as shown in Fig 3.6; the
drop in intensity ofthe C-H (2936';2812cm-1) stretching vibration indicates
that the organic group elimination by the 600°C anneal. After a 600°C anneal
in nitrogen, the C/Si ratio continues to drop to 0.4. The O/Si ratio of 2.3 for
as spun drops to 1.3 when the temperature reaches 400°C. The likely reason
may be related to Tompkin's et al 52 investigation that at 400°C, SOG has
significant water desorption which can account for the large O/Si large ratio
drop. From 400°C to 10000C, the ratio ofO/Si stays at approximately 1.3.
The ratio ofO/Si at 10000C is 1.4 may be related to the oxidation occurs in the
interface.
3.4 Film Shrinkage:
The SOG film thickness was measured after each 30 minutes of
annealing. Table 3.3 displays the film shrinkage as a function of annealing
43
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conditions. As the aimealing temperature increases from 200-300oC,
solvent evaporates, organic groups decompose fragments and outgas from the
films, thereby causing film shrinkage. This is consistent with the IR spectra in
Fig.3.4-3.9; between 200 and 300°C, the intensity of C-H (2936-2812cm-1)
bonds decreases. In addition, between 200 and 400°C, films treated in nitrogen
gas show the lowest thickness decrease (-74.7 nm) while the oxygen with
saturated water vapor treatment shows the largest thickness decrease (-144.5
nm). This suggests that oxygen with water in the ambient is more effective in
oxidizir,.g organic groups than is a pure dry nitrogen anneal at lower
temperature. This is consistent with P~skin's 46 proposal that steam or the
presence ofmoisture is more effective than dry ambients in densifing
pyrolytic SiOzfilms and CVD oxide films. When the temperature exceeds
500°C, the film thickness increases as a result ofglass densification for all
annealing ambients. Above 500°C, there is less film shrinkage during the
anneal step, because most of the organic groups have already outgassed from
the film. When the temperature exceeds 500°C, films treated in nitrogen
exhibit continual film shrinkage, while films treated in other ambients exhibit
little or no film shrinkage from 600- 800°C. Above 800°C, allthe films~
except for nitrogen annealed displayed a thickness increase relative to the
preceeding anneals which suggests that thermal oxidation influences the total
""'<t."'.'_".- 44
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Unit of thickness is(Angstrom)
Air Nz NzIHzO 02IHzO O2
25COC) 1990 1947 1965 2027 1969
200(lC) 1380 1318 1204 1085 1192
300COC) 756 875 718 582 576
400(oC) 518 571 563 503 476
500COC) 440 482 445 403 396
600(oC) 389 419 392 419 371
800COC) 446 403 474 504 483
1000(oC) 1216 321 854 1258 1000
Table 3.3 Film thickness variation as a function of anneal temperatures and
ambients.
film thickness. The assumption that oxygen species diffuse through the films
to the SOG -silicon interface is supported by the fact that the sample treated in
nitrogen shows continual film shrinkage. At 1000oC, ambients with increasing
amounts ofoxygen and moisture show greater thickness increases compared
to the 800~C.
3.5 Index of Refraction
The change in refractive index ofthe SOG film with annealing
temperature (300-1000oC) is shown in Fig 3. 13. Refractive index ranges
from 1.40-1.66, and in general, are consistent with the composition changes in
the SOG films. The original refractive index after spinning is -1.56 because of
the high organic film content. For the most part, the refractive index decreases
as the annealing temperature increases. At 600°C, the refractive indices for all
anneal ambients drop to -1.44; 600°C can be regarded as a glass transition
point. This suggests that the SOG is undergoing densification which causes a
stoichiometric rearrangement in the Si-O network at this temperature. After
600°C, as the result ofthe refractive indices increase and ultimately become
more like thermal oxides with refractive index 1.46 46 due to glass densification
and the continual removal of organic groups. Indeed, refractive index can be
used as one indicates of film's properties. For instance, between 200-600oC ,
porosity exists in all films, but after 600°C anneals, the refractive indices
46
1.70 I ----------.--- 1 I 1 I I I -- -I
I- + Air
• • A N21.65 l-
• N2WA 02Wx
~ 1.60 + 0 02+
"'C
c: A
~ 1.55 0x •1:5
~ jg r x
-...l Q)
a: 1.50 [
0 A
+ 01.45 •
•
I- 0 XA 0
X •
1.40 ~ 0 A
I i I I I i Ii
200 400 600 800 1000
Temperature(Celsius)
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increase as the films become more dense (less porous) for all annealing
ambients.
3.6 Oxygen Plasma-Converted SOG Material
The as-spun films were treated under several plasma conditions.
Fig 3.14 shows an FTIR. spectrum after oxygen treatmentat 30mTorr, 25'00C
for 40 minutes (no plasma). Fig 3.15 shows an FTIR. spectrum offilm after
exposure to an oxygen plasma at 30mTorr, 300W, 250°C, for 40 minutes with
the substrate holder (substrate/film) at floating potential. Fig 3.16 is the FTIR
spectrum after oxygen plasma anodization at 30 mTorr, 300W, current density
of 1.78 mamp/cm2and 250°C for 40 mins. The main difference between
plasma oxidation and thermal oxidation is that the silicon and the as-spun
polysiloxane films are exposed to reactive ions, electrons and atomic oxygen
species during the plasma oxidation process. 55-59 Also, the main difference
between plasma floating and constant current anodization is that in
anodization, a positive bias is applied to the wafer, and the voltage is
varied with time to maintain a specific current density.60-62 That is,
a current is passed through the wafer and siloxane film in plasma
anodization.
In Fig 3.14,( the thermally treated sample) the most intense peak is
the Si-O-Si stretch (1133cm-1), which shows no significant difference from that
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Unit (Anstrom)
Thickness (Before) Thickness(~er) Refractive Index
Control 1962 1962 1.566
Thenna! 1986 1734 1.556
O2 plasma floating 1946 425 1.322
Current plasma anodization 1934 494 1.444
Table 3.4 Changes of film thickness and refractive index asa function of
different plasma treatments.
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ofthe 200°C or 300°C oxygen annealed sample. (Fig.3.9) The C-H stretching
(2936-2836cm- l ) vibration did not diminish much in the thermally treated
sample. Also, the hydroxyl (O-H) stretching vibration (3200-3700cm-1) is still
located at 3450cm-l .
In Fig 3.15, the substrate floating sample, the most intense peak
at 1073 em-I, is the asymmetric Si-O stretching vibration (thermal-like oxides).
The C-H stretch (2936-2812 em-I) was eliminated by substrate floating plasma
treatment. In the hydroxyl (O-H) stretching region (3200-3700cm-\ the
O-H peak (3450cm-l ) shifts to higher wavenumber (3500cm-l ) when the
3600cm-1 shoulder becomes more apparent. This suggests that the hydrogen
bonded silanol has changed into isolated silanol.
In Fig.3 .16, the plasma anodized sample, the most intense peak at
1067cm-l , is the asymmetric Si-O stretching vibration (thermal-like oxide). For
this sample, essentially no clear features are observed in the C-H
(2936-2812cm- l ) region or hydroxyl (O-H) region (3200-3700 em-I) ; this
suggests that most of the O-H bonding is removed by plasma anodization.
The results in Fig 3.14-3.16 suggest that the substrate floating (or anodization)
condition plays a more aggressive role in removing the organic groups, water,
or O-H, and in converting polysiloxane into an silicate-like structure
throughout the bulk ofthe spun-on layer.
Table 3.4 shows the change of film thickness and refractive index
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before and after different plasma treatments. The original refractive index is
~1.566. After O2 plasma treatment" the refractive index decreases to 1.322
and 1.444 in substrate floating and in anodization cases, respectively. In the
thermal case, the refractive index stay the same ( ~1.56), which suggests
that low temperature thermal treatment is not an effective way to convert the
polysiloxane films into silica-like structures. This is supported by that
the following facts: the wavenumber ofthe dominant peak is not in the
thermal oxide region, the C-H stretch (2936-2812cm-1) is not eliminated by this
treatment, and the shoulder (3600cm-1) of the O-H stretching (3200-3700cm-1)
region is not apparent.
Both substrate floating and anodization cases are effective in removing
organic groups in the film and converting the polysiloxane into silica-like glass.
The composition changes cause the refractive indices to drop in both cases.
A reduction in film thickness is observed for both the floating (~152 nm) and
anodization (~144 nm) conditions, while in the thermal case, there is little
thickness reduction (~25nm). The oXygen species (atoms, ions) attack the
surface and oxidize hydrocarbon components in the film which results in a
significant film thickness reduction in the substrate floating and anodization
cases.. In a comparison ofTables 3.3 and 3.4, the effect of plasma
anodization at 250°C is almost the same as to the that ofan anneal at 800°C
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in oxygen in reducing the film thickness. (thickness decrease ~148 nm). The
v
film thickness after an 800°C oxygen annealing treatment is 48.3 nm .
while in the plasma anodization case, it is 49.4 nm. In Fig 3.13, the index
of refraction for an 800°C oxygen annealed film is ~1.43, which is close to the
index of refraction after plasma anodization ( ~1.44); this suggests that plasma
anodization (250°C) has almost the same effect as that ofthe 800°C thermal
anneal with oxygen.
InTable 3.4, the refractive index ofthe 250°C low pressure case is
1.556, which is close to 1.56 in the 300°C oxygen anneal condition. The
two treatments give similar results, it is probably due to the similar
temperature, or to the use of low pressure. The refractive index ofsubstrate
floating and current plasma anodized film is 1.322 and 1.444, respectively.
3.7. Etching
A. Dry Etching
Fig 3. 17 shows the relationship between etch depth in O2 plasma at
50sccm, 50mTorr, 250W, 35°C for 2 and 5 minutes for SOG samples nitrogen
annealed at different temperatures. These results show that the lower
temperature nitrogen annealed samples etch faster due to the higher
hydrocarbon content ofthe films. The O2 reactive species react readily with
hydrocarbon species to yield more rapid etch rates. Between 600 and 1900oC,
' ..~ .
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Fig 3.17 Oxygen reactive ion etch depth of samples annealed at temperatures
Fig.3.18 SEM picture of200°C nitrogen annealed sample after O2
reactive ion etching.(50sccm, 50 mTorr, 250W, 5 minutes)
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Fig.3.19 SEM picture of600°C nitrogen annealed sample after O2
reactive ion etching.(50sccm, 50 mTorr, 250W, 5 minutes)
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FigJ.20 SEM picture of 10000C nitrogen annealed sample after O2
reactive ion etching.(50sccm, 50 mTorr, 250W, 5 minutes)
the etch depth for a specific each time continues to drop as a result ofglass
densification and lower hydrocarbon content. Under these conditions, film
(essentially silica) etching is due almost solely to sputtering.
Figs. 3.18 , 3.19, and 3.20 are SEM pictures of 200°C, 600°C,
10000C nitrogen annealed samples after O2 reactive ion etching (RIE)
(SOs~~~ 50mTorr, 2S0W, 35°C,S minutes), respectively. Clearly, the
morphology of 200°C nitrogen amieaJ.ed samples after 02 reactive ion etching
shows porosity. However, the SEM pictures of 6QOoC and 10000C nitrogen
annealed samples have smoother surfaces than the 200°C sample after O2
reactive ion etching. These pictures confirm why etch depth is-higher foe
samples with lower temperature anneals. The hydrocarbon content and
porosity in the films have a significant effect on the O2 reactive ion etching
process. Above 600°C, glass densification and lower hydrocarbon content
result in a smoother surface after 02 reactive ion etching.
,
Figs.3.21. and 3.22 show the relationship between SOG samples
nitrogen annealed at different temperatures and etch depth in mixtures of
(80%CHFi20% O2) and (90% CHF3I'10% 02), respectively. These etch
conditions were: 250Watts, 35°C, SOmTorr and etch times of 5 and 10
, '.-
minutes. In Fig.3.21, there is no significant difference in etch"depth
between 200°C and4000C nitrogen annealed samples. "For nitrogen annealed
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Fig 3.21 Etch depth of nitrogen annealed samples after CHF~~ (80%:20%)
reactive ion etching
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Fig 3.22 Etch depth of nitrogen annealed samples after CHFJ0 2 (90%: 10%)
reactive ion etching.
FigJ.23 SEM picture of200°C nitrogen annealed sample after
CHFi02(90%:10%)reactive ion etching.( 50 mTorr,
250W, 35°C, 10minutes).
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FigJ.24 SEM picture of600°C nitrogen annealed sample after
CHF3/02 (90%:10%)reactive ion etching.( SO mTorr,
2S0W, 3SoC, S minutes).
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...
FigJ .25 SEM picture of 10000C nitrogen annealed sample·after
CHF3/02(90%:10%)reaetive ion etching.( 50 mTorr,
250W, 35°C, 10 minutes).
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samples at temperatures between 600°C and 1000oC, the etching depth
decreases continuously. These results are due to the highes level ofporosity
and hydrocarbon content that exists at the lower anneal temperatures. The
same general trend is seen in Fig.3.22, for an etch gas mixture of 90% CHF3
andJO%02. However, dueto_the extensive_densification,a significant drop in
etching octurs for the sample annealed at 1000oe. Hoek et al 62 and Mogab et
al 63 have demonstrated that oxygen reacts with eF4to form CO, CO2, and
COF2by consuming carbon in the mixture gas, and release F to enhance the
etching rate oif silicon-containing materials. Increasing oxygen content results
in an incrase in the FIC ratio and thus a higher etch rate. Indeed, the etch
depth in FigJ.21 is higher than in FigJ.22 between 2000e to 600oe.
FigsJ.23 ,3.24, 3.25 are SEM pictures of 200oe, 600°C,
and 10000e nitrogen annealed samples after 0~eHF3 (10 %: 90 %)
reactive ion etching, respectively. These results indicate that under
CHF3/02 reactive ion etching the surface is rougher than after O2reactive ion
etching, because fluorine atoms etch the surface chemically at different rates,
depending upon the surface composition.
B. Wet Etching
The main difference between wet etching and dry etching is that
wet etching is isotropic while dry etching can give anisotropic profiles.64
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Thus, dry etching is used in devices fabrication, while wet etching is frequently
used to assess film density.
Fig.3.26 is the wet etching depth ofnitrogen annealed samples in BHF
(NllJ':HF= 500: 1) for 1 minute. The chemical reaction for SiOzwet etching
can be shown as follows 65:
SiOz+ 6HF ------------>HzSiF6 + 2H20
In Fig 3.26, the etching depth of200°C nitrogen annealed sample is
lower than that ofa 10000C annealed sample. Nakano et al.42,66 have
reported that SOG films with higher carbon contents have lower etch rates.
The presence of Si-C rather than Si-O-Si bonds results in the lower etching
rate. Other studies have shown that the presence of carbon inhibits the
etching in buffered oxide etch 67,68 (BOE). This agrees with the results in
Fig.3.26 and XPS data, since as the anneal temperature increases, there is less
and less carbon and more silicate-like material in the film. Therefore, the
highest etching rate in observed for the 10000C nitrogen annealed sample.
Generally speaking, the wet etching rate can be used as an indicator of
the CVD and thermal oxide film quality, but for organic SOG films, this is not
aril h 6669necess y t e case. '
3.8 Electrical Properties
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A. C-VAnalysis
Dielectric constants of SOG films after nitrogen annealing at 400°C,
600°C, and lOOOoC are shown in Table 3.5. The characterization was
performed by using capacitance voltage (C-V) characteristics of a
metal/insulator/silicon (MIS) capacitor. Table 3.5 shows capacitance, film
thickness dot area, and dielectric constant of 400°C, 600°C and 10000C
samples.
Figs.3.27 3.28 are typical C-V plots of samples nitrogen annealed
at 400°C and 600°C, respectively. As·the anneal temperature increases from
400°C to 600°C, the type of electrical instability in the films changes.
Brooks et al.70 have deposited ShN4 films by PECVD and showed that when
depositing at an R.F power of 25W and below, polarization effects dominate,
while at 35 Wand above carrier trapping phenomena at the.,
silicon-insulator-metal interface dominate. The comparison here is that the
higher temperature can be compared to a higher R.F. power.
As shown in Fig. 3.27, the 400°C annealed sample exhibits hysteresis,
while at 600°C, trapping dominates. Gazicki et al.71 and Szeto et al 72 have
identified that films which contain substantial amounts ofcarbon typically
exhibit polarization. The trapped carbon and silicon radicals reacts with
oxygen species and create polar sites such as hydroxyl and Si-O. This
explanation is consistent with the presence of Si-O, and O-H stretclies in
69
400°C 600°C 10000C
capacitance 7.25xlO-ll 3.5xl0-10 1.26xlO-1O
film thickness 96nm 49.8nm 32.1nm
area 1.25xl0-3 cm2 1.25xl0-3 cm2 1.25xl0-3 cm2
dielectric constant 6.28 15.7 3.65
~ Table 3.5 Capacitance, film thickness, dot are~ and dielectric constant of 400°C, 600°C
and 10000C annealed samples under nitrogen ambient.
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\the FTIR spectra.
In Fig.3 .28, the 600°C nitrogen annealed sample exhibits 'more
negative flat band voltage shift and the hysteresis width becomes
narrower, which suggests the a positive charge trapping instability. A possible
reason is that 600°C annealed polysiloxane films with lower carbon content
(C/Si<l) are produced at this temperature or above. In addition, refractive
index might be used as an indicator ofelectrical instability. In Fig.3.13, the
refractive index is 1.43-1.46 between 600°C and lOOOoC. This suggests that
annealed polysiloxane-filmswith-relativeIylow-carboti-content are produced at
or above 600°C. A possible reason why the dielectric constant of400°C
annealed film is lower than that ofthe 600°C nitrogen annealed sample may be
....,
the substitution of Si-C and Si-O-Si bonding in 400°C for highly polarized
Si-O, as shown in the FTIR spectra.(FigJ.4-3.9)
Another likely reason maybe due to the large adsorption from carbon radical
or dangling silicon which absorb water and have more contribution in
increasing the dielectric constant.
Generally speaking, the dielectric constant ofSOG films usually
decreases as the organic content increases and the water contents decreases.
The dielectric constant of lOOOoC nitrogen annealed sample is 3.43 which is
close to thennal oxides with a dielectric constant of 3.9. The reason why the
dielectric is lower than 3.9 may be due to two reasons. the first reason is that
"~
the 13% carbon still left on the film at 1000oC, thus, the dielectric constant is
lower than 3.9. Another likely reason is because ofthe deficiency ofoxygen
at the oxidation, suboxide and defects form in the film which decrease the
dielectric constant.
B. 1-VAnalysis
Figs. 3.29. 3.30 are the current density (1) vs. electrical field (E) plots of
samples annealed at 400°C and 600°C, respectively. The film thickness is 96
run for 400°C annealed film and 49.8 nm for 600°C annealed film, respectively.
The dielectric strength ofthe 600°C annealed film is approximately 1MV/cm2
(measured at 0.1 micro amp/cm\ while the dielectric strength oftlIe 400°C
annealed film is greater than 1MV/cm2. Gina73 has deposited silicon
oxycarbide films from hexamethylcyclotrisiloxane (HMCTS). This results
shows that films deposited at high discharge powers (>0.66 W/cm2) also have
low dielectric strength. Here, the higher rfpower also can be compared to
~gh~ anJ1ealed temperatures.
The lower dielectric strength of 600°C nitrogen annealed films
is possibly related to the their large "dangling bond" densities, which result in
more conductive films. The higher annealed temperature provides higher
..
energy, and the Si-CH2 bond in the backbone can be broken easily. Thus, Si
. ..
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, -
dangling bonds can form after CH2 is removed. The dangling bond acts as the
electron hopping,site to increase the conduction. Other study has identified
that the conduction increases as a result ofan increase in spin density.74 In
fact, spin density increases due to a decrease in C-H bonding. The C-H
incorporation decreases as the temperature increases from 400°C to 600°C.
This is shown in the XPS data and FTIR spectra. Thus, the 600°C annealed
films have large spin density and this leads to low dielectric strengths and
enhanced conductivity.
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Chapter 4
Summary and Conclusion
The effect ofdifferent anneal'temperatures and ambients on the
composition of SOG films have been evaluated in this study. Films properties
are strongly related to the organic content. It is concludedthat refractive
index, film shrinkage, wet etching ra~e, dry etching rate, and dielectric constant
_.
are dominated by the organic content ofthe SOG. From the analytical
techniques used in this study, glass densification occurs at -600°C for all
annealing ambients. XPS data confirm these finding and shows that the organic
content decreases at higher annealing temperatures.
After 400°C anneals, the Si-O-Si symmetric stretching vibration
gradually converts into an asymmetric Si-O stretch. This is due to the Si-O-Si
-forms a adsorption site to adsorb water and result in a bonding environment
change. The bonding environment changes from hydrogen bonding silanol
(or hydrogen -bonded water)change into isolated silano!. And the he isolated
silanol can be s eliminated at temperature of 800°C. After 800°C, the
.oxidation occurs in all annealing ambients except in nitrogen. This can be
supported by the fact that the continual film shrinkage after 800°C in nitrogen
anneal.
Oxygen plasIlf-conversion of SOG films is an effective method of
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removing organic groups from the films at a low temperature (250°C). At
this temperature, SOG films can be converted into silicate-like glass films
which exhibit sjrnilar chemical structures and characteristics of CVD deposited
Si02 and thermal oxides by substrate floating and anodization treatments.
The dielectric constantof-SOGfilmscanbe-attributed-to the amount of
silanol, water, and organic content in the films. Usually, a higher amount of
water and silanol will yield a higher dielectric constant.
In this study, to conversion oforganic SOG material into silicate-like
materials by heating requires temperatures above 800°C. Unfortunately, this is
above the temperature that aluminum metallization can tolerate in silicon
integrated circuits (ICs). O2 plasma exposure can be an effective way to get
obtain silicate like material from SOG at low temperature.
. As a result ofdifferent carbon content at various temperatures which
influences the electron instability. At 400°C, the higher ratio ofC/Si leads to
polarization in C-V analysis. However, electron trapping phenomenon appears
at 600°C result in the films with less carbon content. The 600°C nitrogen
annealed films are more conductive than 400°C films. The dielectric strength
of 400°C annealed films are larger than 600°C films.
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